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METHOD FOR FORMING TRENCH ELEMENT ISOLATION FILM 



[0023] 

5 [Embodiment] 

A preferred embodiment of the present invention will be described 
with reference to the accompanying drawings. In the drawings, even if a layer is 
drawn on another layer or a substrate, this layer is meant either to be disposed 
directly on the other layer or substrate or to be disposed on an intermediate layer 
1 0 formed on the other layer or substrate. 
[0024] 

Referring to Fig. 5, a pad oxide film 101 having a thickness of 1000 
nm to 2000 nm is formed on a silicon substrate 100. A silicon nitride film having a 
thickness of 5000 nm is stacked on the pad oxide film. The silicon nitride film and 

15 pad oxide film are patterned to form a trench etching pattern 103 exposing the 
substrate in a trench area. Patterning is performed by forming an unrepresented 
photoresist pattern by photolithography and etching the silicon nitride film by using 
the photoresist pattern as a mask. Alternatively, patterning may be performed by 
stacking a thin oxide film on the silicon nitride film inner wall of the trench and using 

20 this film as a hard mask. 

[0025] 

By using the trench etching pattern 103 as an etching mask, the 
substrate 1 00 is etched to a depth of 20000 to 50000 nm to form a trench 1 21 . A ^ 
thin oxide film 105 is formed on an inner wall of the trench 121 by thermal oxidation !> 
25 to recover crystal defects formed during the etching process. A silicon nitride film |^ 
liner 107 is formed be CVD on the substrate having the trench 121 formed with the ^ 
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thermal oxide film 105 on its inner wall. These processes are same as those of a 
normal trench element isolation method. 
[0026] 

Referring to Fig. 6, a thin HTO oxide film 109 is formed on the silicon 
5 nitride film liner 107 by CVD, the HTO oxide film being used as a buffer oxide film. 
The HTO oxide film 109 is stacked before a plasma process to be executed relative 
to the substrate surface before forming a buried oxide film, in order to eliminate the 
underlayer dependency, and is one kind of buffer oxide films. The trench is then 
buried with a first buried oxide film 119. The first buried oxide film 1 1 9 is formed 
10 preferably by CVD, and more preferably by high density plasma enhanced (HDP) 
CVD. The first buried oxide film 119 filled in the trench 121 is preferably an 0 3 tetra 
ethyl ortho silicate undoped silicate glass (ozone TEOS USG) oxide film, a boro 
phospho silicate glass (BPSG) oxide film, an SOG film and the like, and more 
preferably the SOG film. At this step, the first buried oxide film may not be filled 
1 5 completely in the trench. 

[0027] 

If an aspect ratio of the trench is large, an SOG film such as 
polysilazane may be used as the buried oxide film. 
[0028] 

20 Referring to Fig. 7, the first buried oxide film 1 19 is recessed by whole 

surface wet etching to expose the upper portion of the liner in the trench. The wet 
etching is used because a whole surface isotropic etching damages the trench side 
wall. This step of recessing the first buried oxide film is preferably executed until 
the surface of the first buried oxide film 119, i.e., a left oxide film 129, reaches a 

25 position deeper than a predetermined effective channel depth DC of elements such 
as transistors to be formed in regions near the trench, i.e., until the surface of the first 
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buried oxide film 119 (left oxide film 129) reaches a position deeper than the 
effective channel depth DC. The silicon nitride film liner 107 is exposed to the 
depth corresponding to the amount of recessing the first buried oxide film filled in the 
trench. 
5 [0029] 

It is preferable that at least one of the first buried oxide film and a 
second buried oxide film (detailed in the following) is an SOG film. This is because 
an upper portion of the SOG film may be recessed by processing the SOG film 
before curing with solution and thereafter curing is performed, without using ordinary 
10 wet etching. 

[0030] 

Referring to Fig. 8, the exposed silicon nitride film liner 107 is 
istotropically wet-etched preferably using phosphoric acid solution. The liner above 
the left oxide film 129 is removed completely. Instead of isotropic wet etching, dry 
1 5 isotropic etching may be used. However, because of the deposition state of the 
liner 107 and etching damages, plasma etching or reactive ion etching (RIE) are not 
preferable. Isotropic wet etching, particularly isotropic wet etching using phosphoric 
acid solution, is preferable. 
[0031] 

20 Referring to Fig. 9, the second buried oxide film 149 is deposited on 

the substrate with the upper liner in the trench being removed, to thereby fill the 
upper space of the recessed trench. It is preferable that the trench is filled with the 
second buried oxide film 149 sufficiently. The method and materials of the first 
buried oxide film can also be used for the second buried oxide film. For example, 

25 the method is preferably CVD and more preferably HDP CVD. The second buried 
oxide film 149 is preferably an ozone TEOS USG film, a BPSG film, an SOG film or 
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the like, and more preferably the SOG film. CMP for polishing the second buried 
oxide film and/or whole surface anisotropic etching for the trench etching pattern is 
performed to planarize the second buried oxide film. 
[0032] 

5 The liner may not be removed at the step shown in Fig. 8, but at the 

step shown in Fig. 9 the recessed space is filled with the second buried oxide film by 
HDP CVD and at the same time, the upper liner is removed. Since HDP CVD 
performs alternately deposition and etching, it is possible to remove the liner and 
deposit the second buried oxide film at the same time. 

10 [0033] 

Fig. 10 shows an example of the trench element isolation film formed 
by the present invention. The silicon nitride film of the trench etching pattern 103 
shown in Fig. 9 is removed by the wet etching. The final trench of the trench 
element isolation film has the thermal oxide film 105, and in the lower region the 

1 5 silicon nitride film liner 1 07 and thin HTO oxide film 1 09 and left oxide film 1 29 of the 
first buried oxide film 109 in this order from the bottom, and in the upper region an 
isolation film 139 left after the second buried oxide film is planarized. The HTO 
oxide film 109, left oxide film 129 of the first buried oxide film and the isolation film 
139 of the second buried oxide film are all oxide films. Therefore, with the lower 

20 silicon nitride film liner being formed on the inner wall of the thermal oxide film 1 05, 
the remaining space may be filled with an oxide film. 



Figs. 5 to 10 are cross sectional views illustrating main steps of a 
trench element isolation film forming method according to an embodiment. 
25 10, 100... substrate, 11, 101... pad oxide film, 13, 103... trench etching 

pattern, 15, 105... thermal oxide film, 17, 27, 19... photoresist film, 21, 121... trench, 
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29... left photoresist film, 39... trench element isolation film, 109... HTO oxide film, 
119... first buried oxide film, 129... left oxide film, 139... isolation film, 149... second 
buried film. 
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